Introduction
Assessment of scientific performance is becoming increasingly dependent on scientometric indicators as tools to complement peer evaluation. This trend has spread widely in recent years and has been applied for many purposes: analysis of merit for advancement in the academic career, application of scoring criteria in the dispute for research funding, and ranking of scientific institutions and universities, among others. Debate on the use and misuse of these indicators is abundant in the literature. Nevertheless, the requirement of its judicious use in the increasingly overwhelming processes of assessment has been recognized more and more as necessary (see comments in Nature (http://www.nature.com/news/2009/090923/full/ news.2009.933.html).
In Brazil, the federal agency CAPES, a branch of the Ministry of Education, devoted to the improvement of the quality of learning and research at the postgraduate (PG) level, has recently evaluated 16,400 scientific journals. The attempt was to classify them according to their impact factor [IF, Journal Citation Report (JCR), Thomson-Reuters] and/ or to their relative importance for 43 areas of knowledge into which the 4400 Brazilian PG courses are classified. This criterion was not the only one used for the final classification of PG courses, but certainly it was the most important. To grasp the intricacy of the process, a given journal received different grades in distinct areas. The problems raised by this procedure caused a large amount of confusion and led to complaints by the Brazilian scientific community (1) (2) (3) .
The IF of the journals in which the scientific results of a person or of an institution were published has been considered a very inappropriate indicator of scientific merit. The main reason lies in the citation distribution of the journal's articles: typically, articles in the most cited half of the articles in a journal are cited ten times as often as the least cited half (4) . For a small community of scientists, as is the case for a PG course, the use of the IF of the journals as an indicator of the quality of scientific production might result in a much distorted picture of its merit. If scientometrics is to be used in the scale of assessment of an institution then other indicators are more appropriate; citation per article, for instance, has been considered in the new phase of the Research Assessment Exercise in England, by far the www.bjournal.com.br Braz J Med Biol Res 44 (8) 2011 most knowledgeable evaluation procedure on a national scale in science and education (5) . In this article I will suggest that the total number of citations is an encompassing indicator to be used to compare institutions in the same scientific field. The present exercise has been carried out to show the feasibility of a much less demanding and time-consuming procedure of evaluation of PG courses through scientific indicators. Ten of the most renowned Brazilian institutions of physics plus the Departments of Physics of the Universities of Princeton and Padua (as examples of distinguished international institutions, for the purpose of comparison) were chosen for this exercise.
The three main scientometric indicators, obtained from the Web-of-Science (WoS) and JCR, both affiliated with Thomson-Reuters, were 1) number of articles published in each journal in a 5-year period (2003) (2004) (2005) (2006) (2007) ; 2) number of citations per article to these publications in 2008; 3) the 5-year IF of the same journals used to publish the articles.
The reasons for these choices are explained in the Results section. Basically, the IFs of the journals that published articles of a given institution are not, per se, an indicator of quality of the institution. Instead, the number of citations is considered to be a more reliable gauge for quality.
Data sources, processing and results
Scientometric data were obtained from the WoS and JCR databases (Thomson-Reuters).
Ten Brazilian institutions of research in physics were chosen for this study based on their reputation in the Brazilian academic community. Two institutions abroad were selected for the purpose of comparison: the Physics Department of Princeton University (USA), one of the top institutions in the world, and the Physics Department Galileu Galilei of the University of Padua (Italy), respected for its tradition and current research dynamism.
Institutions of research in physics
The application of 4 scientific indicators to these Universities is shown in Table 1 
Classifying the institutions
The data listed in Table 1 and illustrated in Figure 1 provide a very convenient way to establish a scientific metric procedure to assess the performance of institutions. The traditional triad of indicators is employed, namely, number of publications, number of citations per article and IF of the journals. However, instead of being examined separately, they are interconnected to allow both the exploration of their attributes and to avoid the pitfalls of their use individually: 1) the number of publications are distributed within intervals limited by the IF of the journals where the articles were published; 2) the number of citations per article is not examined separately, but rather is related to the IF of the journal that published the articles; for example, when this ratio is two it means that the articles in this journal received twice more citations than those expected from its IF. This may be easily viewed in Figure 1 by comparing the light and dark blue bars. This approach eliminates the drawback of considering the IF as an isolated indicator of the quality of the articles by itself (4) since it is balanced by the real number of citations that the journal received in the institution.
In this procedure, the journals are distributed in intervals set by their IFs (Figure 1 ). It is possible to express the inputs of the indicators in a simple algorithm in order to obtain numerical values for the assessment of the institution. For this purpose one has to: 1) attribute a weight to each interval set by its minimum and maximum IF. The most obvious way is to take the WAIF of the journals used by the institution in each interval; 2) to consider the number of articles (na) in each interval ( Figure 1) ; 3) to ponder, as reasoned above, the ratio between number of citations per number of articles (nc/na) and WAIF of the journals in each interval. Given these assumptions, the algorithm could be expressed as:
In order to appreciate the algorithm it is helpful to point out that the general idea is to weigh the "positive" scientometric values (number of articles, number of citations and IF of the journals) for each institution. In principle, the "quality" of an institution should be in proportion to each of these "positive" parameters, and therefore with their product. The advantage of breaking down the total data into the intervals of IFs is a more didactic one and is helpful for keeping a correspondence with the figures. For this reason, the final expression is given by a summation function, as shown above.
In this summation function, each term corresponds to an interval limited by IFs 0-1, namely, 1-2, 2-3, 3-4, 4-6 , and >6. Each interval encompasses the WAIF of the articles in this interval, the na and the nc. The positive outcome of the two latter, in terms of productivity and quality, is obvious. The meaning of the expression [(nc/na)/WAIF] may be less evident. The numerator (nc/na) is the average number of citations per article in the interval and the denominator is the WAIF of the journals in that interval. If the numerator is higher than the denominator it means that in that interval the institution produces articles whose citations achieve numbers higher than those predicted by the impact factors (WAIF) and vice versa if the numerator is lower than the denominator. Therefore, the expression reflects a positive outcome of quality.
It is intriguing that the expression results in nc, namely, the total number of citations, even though the other scientific indicators were included in the algorithm. However, on a second thought, it makes sense that nc expresses best the comparative performance of institutions of the same nature. Considering a similar faculty size, a higher number of citations is likely to reflect both a higher rate of publications and more citations per article. In fact, each of these indicators taken separately are almost meaningless in this context.
The h-indexes of the institutions
The h-index (6) has been widely welcomed as an indi- cator of quality of individual scientists. The extension of the application of the h-index to institutions has been proposed (7, 8) . The assertion is that the h-index of an institution (hi) is equal to h if the institution has published h articles, each of which has at least h citations. The h-indexes of the institutions retrieved from the WoS follow this definition and are shown in Table 2 . The h-index varies with the square root of the nc and tends to underestimate productivity (6) . It has a particular advantage when comparing scientists of different academic ages, because the nc favors those with long careers. When comparing institutions in a same timeframe, as is the case in the present study, the advantage of using the h-index vanishes.
The effect of articles produced by large networks of authors on citation indicators
Networks with a large number of authors have been a matter of discussion in the area of scientometrics (9) . These networks are consistent with the need for collecting a massive amount of data. This is typically the case for multicenter studies in medicine, genomic-proteomic analysis in biology and subatomic particle collisions and astrophysical studies in physics. The individual or institutional participation in these enterprises significantly affects their scientometric indicators since such studies are bound to draw considerable interest and, consequently, highly cited articles. Fifteen networks were detected in the present assessment, most of them with hundreds of authors. In seven institutions these network articles were numerous, averaging 11.1% of the total articles (Table 3) . However, 5 institutions did not publish articles produced by large networks of authors. The elimination of the network articles caused a significant reduction in the number of citations per article of most institutions, with the exception of Princeton University. This example illustrates the large impact of the regular articles of the Department of Physics of Princeton University.
Topics of research in the institutions
Physics has turned into a highly interdisciplinary field. Its connection with chemistry is centennial whereas its connection with molecular biology/biochemistry has increased steadily in the last 50 years. The research interest of a Table 2 . h-index of the institutions studied. For identification of abbreviations of institutions, please see the "Data sources, processing and results" section. h-indexes were obtained from the Web of Science database on October 18, 2010. 1211  2195  1211  2195  CBPF  975  2169  822  1373  UFRJ  921  2155  832  1707  UFMG  628  1855  628  1855  UNESP  506  1434  429  887  UFRGS  579  1145  579  1145  UFSCar  671  1096  671  1096  UFPE  432  699  432  699 For explanation of abbreviations of institutions, please see the "Data sources, processing and results" section. physics institution in these two areas is dependent on the appeal they have for the faculty members and on the general scientific atmosphere that surrounds the institution. Table 4 shows the very strong trend towards research in biochemistry and chemistry at some institutions. In the USP-São Carlos Institute of Physics, these areas account for 20.3% of the articles. In fact, a strong long-standing interest in X-ray diffraction and optics has driven the research of this institution towards chemistry, structural/molecular biology and photodynamics in biology and medicine. On the other hand, it is quite clear that the Department of Physics of the Princeton University is over focused on pure physics, whereas the UNESP Institute of Physics, being devoted to theoretical physics, practically has no investigation in these two areas. These distinct trends of research focus set different patterns for the journals used and this may have influenced the WAIF and citations per article shown in Table  1 . However, this point was not investigated further. Table 4 also lists the number of articles published in Brazilian journals. The ten Brazilian Institutions published an average of 6.2% of their articles in Brazilian journals, the great majority of which were in the Brazilian Journal of Physics. This is the only Brazilian journal that publishes original research on experimental and theoretical physics. 
Final considerations
A significant number of articles have already discussed the inexistence of a universal scientometric indicator to gauge science output. The choice of a metric method is very much dependent on the specific aims and the characteristics of the subject of study. I have proposed that when the focus is the performance of a scientific institution the indicator number of citations is the most appropriate one because it comprises both productivity and impact. Whereas number of citations per article, even crudely, gives an estimate of quality (10), it does not include productivity. The widespread use of the impact factor of the journals as a quality gauge has its own pitfalls (4) and also does not contemplate productivity. As already pointed out, productivity is also underestimated if the h-index is the indicator of choice.
The size of the faculty has not been considered in the methodology proposed. In fact, a simple normalization of the number of citations in terms of the faculty size is troublesome, since in the case of very big or very small institutions distortions may occur towards false impressions of under-or over-productivity, respectively.
A large faculty will tend to generate a larger number of articles. However, this will not necessarily correspond to a larger number of citations, which is the parameter that encompasses both productivity and quality.
In the specific case of CAPES, the assessment of 16,400 journals as the basis for the evaluation of Brazilian PG courses involved a gigantic effort and was absolutely pointless. The challenge became insurmountable when different committees had to value the journals according to their interest and use. This survey was undertaken with the conviction that the procedure was sustained by a proper methodology, when this premise was undoubtedly wrong.
The effort to obtain data on the total number of citations to the articles of an institution is immeasurably less. The database Web of Science, Scopus, SciELO, Scimago, and Google Scholar are available to CAPES and to the institutions. A complementary search may be carried out easily For explanation of the abbreviations of institutions, please see the "Data sources, processing and results" section.
in these databases. Moreover, in a set of institutions of the same nature but with specific interests toward subsets of scientific areas (for instance, in the present study, the strong interest of some of the institutions of physics in carrying out research in biochemistry and chemistry), correction can be made using available methodologies (11, 12) .
